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kyi? AMi2`MiBQMH *QM72`2M+2 QM EMQrH2/;2 "b2/ M/ AMi2HHB;2Mi AM7Q`KiBQM M/
1M;BM22`BM; avbi2Kb
 .vMKB+ 1/BiQ` Q7 hvT2/ .i h`Mb7Q`KiBQMb
_m#M aXAX- .`X a?TFBM SXX-#-∗- .`X wvFQp aXoX#-
LiBQMH _2b2`+? Lm+H2` lMBp2`bBiv J1S?A UJQb+Qr 1M;BM22`BM; S?vbB+b AMbiBimi2V- .2T`iK2Mi Q7 *v#2`M2iB+b M/
AM7Q`KiBQM a2+m`Biv- Eb?B`bFQ2 b?Qbb2- jR- JQb+Qr M/ RR89yN- _mbbB
#AMMQTQHBb lMBp2`bBiv- R lMBp2`bBi2ibFv bi`X AMMQTQHBb- 9ky8yy- _mbbB
#bi`+i
h?Bb TT2` T`2b2Mib iQQHb BK2/ i miQKiBM; i?2 /i BMi2;`iBQM T`Q+2bb #2ir22M /Bz2`2Mi aa@TTHB+iBQMbX
.i i`Mb7Q`KiBQMb +`2iBQM M/ +mbiQKBxiBQM `2T`2b2Mib  KDQ` ibF BM i?Bb `2X q2 T`QTQb2  bQHmiBQM #b2/
QM ivT2 i?2Q`v M/ /2b+`B#2 M TT`Q+? iQ miQKi2/ i`Mb7Q`KiBQM +QMbi`m+iBQM BM 7Q`K Q7 ivT2/ 7mM+iBQMbX
Ü kyRe h?2 mi?Q`bX Sm#HBb?2/ #v 1Hb2pB2` "XoX
S22`@`2pB2r mM/2` `2bTQMbB#BHBiv Q7 E1a AMi2`MiBQMHX
E2vrQ`/b, hvT2 i?2Q`v- *`i2bBM T`Q/m+i- i`Mb7Q`KiBQM `mH2b
RX AMi`Q/m+iBQM
h?2 KBM T`Q#H2K Q7 i?2 /i BMi2;`iBQM T`Q+2bb Bb i?2 +QMbi`m+iBQM Q7 /i i`Mb7Q`KiBQMbX q2
T`QTQb2 M TT`Q+? iQ +`2iBM;  i`Mb7Q`KiBQM 2/BiQ` #b2/ QM ivT2 i?2Q`vX q2 /2`Bp2 i?2 b+2M`BQb
Q7 +QMbi`m+iBM; i`Mb7Q`KiBQMb 7`QK i?2 +Q``2bTQM/BM; ivTBM; `mH2bX h?2 Q#iBM2/ bvbi2K Bb #H2 iQ }Hi2`
T`QT2`iB2b mMmb#H2 rBi?BM i?2 +m``2Mi ivT2 Q7 i`Mb7Q`KiBQMX h?Bb 72im`2 BKT`Qp2 mb#BHBiv M/ KQ`2 Qp2`
/2+`2b2 T`Q##BHBiv Q7 +`2iBM; BM+Q``2+i i`Mb7Q`KiBQMb #2ir22M BM+QKTiB#H2 T`QT2`iB2bX
h?2 `iB+H2 Bb Q`;MBx2/ b 7QHHQrbX AM i?2 b2+QM/ b2+iBQM i?2 bi`m+im`2 Q7 i`Mb7Q`KiBQMb Bb 7Q`KHBx2/X
AM i?2 i?B`/ b2+iBQM r2 MHvb2 ivTBM; `mH2b BM Q`/2` iQ T`QTQb2 i?2 b+2M`BQb Q7 mb2` BMi2`+iBQM /m`BM;
i?2 i`Mb7Q`KiBQM +QMbi`m+iBQMX a2+iBQM 7Qm` /Bb+mbb2b bQK2 BKTH2K2MiiBQM /2iBHb M/ i?2 +QM+HmbBQM
bmKK`Bx2b i?2 Q#iBM2/ `2bmHibX
kX hvT2@h?2Q`2iB+ ai`m+im`2 Q7 .i P#D2+ib
q2 BMi`Q/m+2 i?2 b2p2`H MQiBQMb r?B+? #2 mb2/ Hi2`X
LQiBQMX  ivT2 bvbi2K Bb  i`+i#H2 bvMi+iB+ K2i?Q/ 7Q` T`QpBM; i?2 #b2M+2 Q7 +2`iBM T`Q;`K
#2?pBQm`b #v +HbbB7vBM; T?`b2b ++Q`/BM; iQ i?2 FBM/b Q7 pHm2b i?2v +QKTmi2X h?mb i?2 ivT2 bvbi2K 7Q`@
∗ *Q``2bTQM/BM; mi?Q`X h2HX, Yd UNyjV djR@9k@dkX
1@KBH //`2bb, Tb?TFBM!K2T?BX`m
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KHHv Qz2`b ivT2 BM72`2M+2 M/ +?2+FBM; `2b2`+?X h?2 T`Q;`Kb `2 T`2b2Mi2/ b +QKTQbBiBQM Q7 +QKTmi#H2
7mM+iBQMbX q2 BMi`Q/m+2  MQiBQM Q7 ivT2X
LQiBQMX
Ç A7 V Bb  ivT2 p`B#H2 Q` +QMbiMi- i?2M V Bb ivT2
Ç A7 V M/ U Bb ivT2- i?2M V → U Bb ivT2
h?2 +bi /i ivT2 M22/b TT2` /m`BM; T`Q+2bbBM; T`Q;`KX "mi Bi Bb BKTQbbB#H2 iQ +QMbi`m+i Q#D2+i
i`Mb7Q`KiBQM BM +QKKQM +b2X q2 bbmK2 i?i 2+? /QKBM 2MiBiv ?b TT`QT`Bi2 ivT2X q2 +QMbB/2` i?2
MQiBQM Q7 ivT2 b `2+Q`/b rBi?  b2i Q7 MK2/ }2H/b BM i?2 T`2b2Mi +QMi2tiX h?2 }2H/b #2 mM/2`biM/BM; b
;2ii2`b Ui?2 7mM+iBQM r?B+? 2ti`+i pHm2b 7`QK Q#D2+iVR
6B;m`2 RX :2M2`H +b2 Q7 ivT2 i`Mb7Q`KiBQM
Ai Bb BKTQbbB#H2 iQ +QMbi`m+i i`Mb7Q`KiBQM 7mM+iBQM BM +b2 Q7 mMFMQrM ivT2b B7 i?2 7mM+iBQM /B/MǶi
bT2+B}2/ BMBiBHHvX h?2`27Q`2 i?2 T`iB+mH` /i ivT2 +b2b `2 +QMbB/2`2/X
"27Q`2 i?i  `M;2 Q7 M2r MQiBQMb Bb BMi`Q/m+2/X
LQiBQMX
S`QT2`iv Bb  +QKTH2t i?2 7QHHQrBM; }2H/, /i ivT2 tpe- extractor M/ wrapper 7mM+iBQMbX
Extractor Bb  7mM+iBQM i?i iF2b b BMTmi M Q#D2+i Q7 tpe ivT2 M/ 2ti`+ib 7`QK Bi  T`QT2`iv Q7 +2`iBM
ivT2- r?B+? +M +mb2 i?2 BMTmi T`QT2`ivX
Wrapper Bb  7mM+iBQM i?i iF2b  T`QT2`iv Q7 +2`iBM ivT2- r?B+? +M H2/ iQ M Q#D2+i Q7 tpe ivT2- M/
r`Tb Bi BM M Q#D2+i Q7 tpe ivT2X
q2 2tTHBM  bT2+B}+ 2tKTH2X
q2 bbmK2 i?i P1 T`QT2`iv Bb  T`QT2`iv rBi?  pHm2 Q7 ivT2 T X AiǶb K2M i?i eP1 Bb  7mM+iBQM i?i
iF2b b BMTmi M Q#D2+i Q7 P1 ivT2 M/ `2im`Mb M Q#D2+i Q7 T ivT2- BX2
eP1 : P1 → T
M/ wP1 Bb  7mM+iBQM i?i iF2b b BMTmi M Q#D2+i Q7 T ivT2 M/ `2im`Mb M Q#D2+i Q7 P1 ivT2- BX2
wP1 : T → P1
h?2 7+i i?i P Bb  T`QT2`iv rBi? ivT2 pHm2 T Bb r`Bii2M b P : P[T ]X
q2 bbmK2 i?i Bi Bb TQbbB#H2 iQ +QMbi`m+i QM2@bB/2/ i`Mb7Q`KiBQM 7mM+iBQM r?B+? +QMp2`i T`QT2`iv P1
iQ T`QT2`iv P2X AiǶb K2M i?i  7mM+iBQM t12 i?i iF2 b BMTmi M Q#D2+i Q7 P1 ivT2 M/ `2im`Mb M Q#D2+i Q7
P2 ivT2 2tBbib- BX2 t12 : P1 → P2 >Qr2p2`- i?2 2tBbi2M+2 Q7 i?2 i`Mb7Q`KiBQM 7mM+iBQM 7`QK P1 T`QT2`iv iQ
P2 T`QT2`iv /Q2b MQi 2Mbm`2 i?i i?2 2tBbi2M+2 Q7 i`Mb7Q`KiBQM 7mM+iBQM 7`QK P2 T`QT2`iv iQ P1 T`QT2`ivX
6Q` 2tKTH2-  bm+? i`Mb7Q`KiBQM 7mM+iBQM 2tBbib #2ir22M i?2 T`QT2`iB2b Q7 Ǵ/i2 Q7 #B`i?Ǵ M/ Ǵ;2Ǵ Q7-
#mi MQi pB+2 p2`bX
LQiBQMX
h?2 T`QT2`iB2b +QKTQbBiBQM Bb  /i ivT2 r?B+? Bb  +Q`i2;2 Q7 T`QT2`iB2bX
q2 MQr +QMbB/2` i?2 i?2 T`iB+mH` +b2b Q7 i`Mb7Q`KiBQM 7mM+iBQMb +QMbi`m+iBQMX
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RX A7 BMTmi M/ QmiTmi T`QT2`iB2b ?p2 i?2 bK2 /i ivT2 i?2M /i i`Mb7Q`KiBQM +M #2 +``B2/X 
i`Mb7Q`KiBQM `mH2 7Q` i?Bb +b2 rBHH #2 b 7QHHQrb,
P1 : P[T ] P2 : P[T ]
wp2 ◦ ep1 : P1 → P2
URV
r?2`2
P : P[T ]⇐⇒ (∃ep(ep : P→ T )) ∧ (∃wp(wp : T → P))
kX A7 BMTmi M/ QmiTmi T`QT2`iB2b /QMǶi ?p2 i?2 bK2 /i ivT2 #mi i`Mb7Q`KiBQM 7mM+iBQM 7Q` +Q``2@
bTQM/BM; /i ivT2b rb /2i2`KBM2/ BMBiBHHv i?2M /i i`Mb7Q`KiBQM +M #2 +``B2/X h?2 i`Mb7Q`@
KiBQM 7mM+iBQM 7Q` i?Bb +b2 rBHH #2 b 7QHHQrb,
w1 ∗ e2 : P2 → P1
 i`Mb7Q`KiBQM `mH2 7Q` i?Bb +b2 rBHH #2 b 7QHHQrb,
P1 : P[T1] P2 : P[T2] t : T2 → T1
wp2 ◦ t ◦ ep1 : P1 → P2
UkV
jX A7 i?2 Q#D2+ib `2 T`QT2`iB2b +QKTQbBiBQM i?2M i`Mb7Q`KiBQM Bb TQbbB#H2 B7 M/ QMHv B7 i?2 i`Mb7Q`K@
iBQM 7mM+iBQMb FMQrM iQ HH ivT2b Q7 +QKTQM2MibX
h?Bb +b2 Bb /BpB/2/ BMiQ irQ Qi?2`b,
Ç h?2 MmK#2` Q7 T`QT2`iB2b BM i?2 BMTmi Q#D2+i 2[mHb i?2 MmK#2` Q7 T`QT2`iB2b BM i?2 QmiTmi Q#D2+i
Ç h?2 MmK#2` Q7 T`QT2`iB2b BM i?2 BMTmi Q#D2+i /Q2bMǶi 2[mH i?2 MmK#2` Q7 T`QT2`iB2b BM i?2 QmiTmi
Q#D2+i
*QMbB/2` i?2 2tKTH2 Q7 i?2 }`bi +b2, AMTmi ivT2,
T1 : A1, A2,Ę, An
PmiTmi ivT2,
T2 : B1, B2,Ę, Bn
h?2 i`Mb7Q`KiBQM 7mM+iBQMb 7Q` +Q``2bTQM/BM; ivT2b,
t1 : A1 → B1
t2 : A2 → B2
XXX
tn : An → Bn
h?2 i`Mb7Q`KiBQM 7mM+iBQM 7Q` i?Bb +b2 rBHH #2 b 7QHHQrb,
t1 × t2 × Ę × tn : A1 × A2 × Ę × An → B1 × B2 × Ę × Bn
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6B;m`2 kX S`Q/m+i
h?mb Bi Bb TQbbB#H2 iQ +QMbB/2` i?2 T`QT2`iB2b +QKTQbBiBQM b  T`iB+mH` +b2 Q7 i?2 *`i2bBM T`Q/m+i,
LQiBQMX
h?2 T`Q/m+i Q7 Q#D2+i a M/ b Bb M Q#D2+i a × b rBi? KQ`T?BbKb pa : a × b → a M/ pb : a × b → b i?2`2
2tBbib  mMB[m2 KQ`T?BbK h : c → a × b 7Q` Mv Q#D2+i c rBi? KQ`T?BbKb f : c → a M/ g : c → bi?i i?2
/B;`K Bb +QKKmiiBp2X h?2 KQ`T?BbK pa : a × b→ a   pb : a × b→ b Bb  T`QD2+iBQMX
>Qr2p2`- BM i?2 +b2 Q7 T`QT2`iB2b +QKTQbBiBQM i?2 Q`/2` Q7 i?2 2H2K2Mib /Q2b MQi Kii2`, 7Q` Ob j Q#D2+i
i?i ?b i?2 T`QT2`iB2b Q7 P1 M/ i?2 P2- Bb B/2MiB+HHv 2[mH iQ i?2 2tT`2bbBQMb,
P1 × P2 → Ob j   P2 × P1 → Ob jX
h?2`27Q`2 r2 BMi`Q/m+2 M2r QT2`iBQM Bb ∗ r?B+? #v /2}MBiBQM- Bb B/2MiB+HHv 2[mH iQ i?2 *`i2bBM T`Q/m+i
rBi?Qmi iFBM; BMiQ ++QmMi i?2 Q`/2` Q7 i?2 `;mK2MibX h?2 b2+QM/ +b2 HbQ `2[mB`2b  i`Mb7Q`KiBQM
7mM+iBQM 7Q` HH +QKTQM2Mi Q7 i?2 ivT2 i?i miQKiB+HHv `2/m+2b iQ i?2 2tBbi2M+2 Q7 7mM+iBQMb Q7 i`Mb7Q`@
KiBQMb,
t : Ax1 × ... × Axm → Bz
Q`
t : Ax → By1 × ... × Bym
LQiBQM
q2 rBHH +HH  7mM+iBQM b i`BpBH- B7 i?2 i`Mb7Q`KiBQM Q7 i?2 bK2 ivT2 Bb Q++m``2/X 6Q` 2tKTH2- B7 
T`QT2`iv MK2R- r?B+? ?b ivT2 ai`BM;- Bb +bi2/ iQ  T`QT2`iv MK2k- r?B+? HbQ ?b ivT2 ai`BM;- i?2M
bm+? i`Mb7Q`KiBQM Bb i`BpBHX Pi?2`rBb2 r2 rBHH +HH  7mM+iBQM b MQMi`BpBHXk
jX 6Q`KHBxBM; h`Mb7Q`KiBQM *QMbi`m+iBQM a+2M`BQb
h?2`2 Bb i?2 KQ`2 b2`BQmb T`Q#H2K r?2M i?2 M2ti +b2 Bb TT2`2/X h?2`2 Bb b2p2`H Q#D2+i ob j1 r?B+?
?b T`QT2`iv U}2H/V pr1 : T1 M/ Bi Bb M2+2bb`v iQ i`Mb72` /i 7`QK pr1 iQ appl2 7Q` i?2 7m`i?2` T`Q+2bbBM;X
"mi i?2`2 `2MǶi Q#D2+ib rBi? T`QT2`iB2b r?B+? ?b ivT2 T1 BM appl2X 6Q` 2tKTH2- BM appl1 i?2 T`QT2`iv
T?LmKnR Bb +QMiBM2/ i?2 T?QM2 MmK#2` b MmK#2`, 87584509643X h?2`2 `2MǶi Q#D2+ib rBi? T`QT2`iB2b
r?B+? ?b ivT2 T1 BM appl2- #mi i?2`2 Bb  T`QT2`iv phNum2 r?B+? ?b ivT2 ai`BM; M/ biBb7v b2p2`H
`2;mH` 2tT`2bbBQMX .m2 iQ i?Bb 2tT`2bbBQM i?2 /i T`QT2`iv Bb HQQF2/ b bm+? pB2r, X(XXX)XXX−XX−XXX
P#pBQmbHv- B7 phNum1 +QMiBMb BMi2;2` TQbBiBp2 MmK#2` r?B+? Bb bi`i2/ i ǳ3Ǵ- i?2M Bi Bb TQbbB#H2 iQ +`2i2
i?2 b2p2`H i`Mb7Q`KiBQM 7mM+iBQMX h?Bb 7mM+iBQM `2+Q`/ T`QT2`iv phNum2 BM i?2 +Q``2+i 7Q`KiX hQ bQHp2
 [m2biBQM- r2 /2p2HQT i?2 b+?2K Q7 i`Mb7Q`KiBQMX
h?2 +QMbB/2`#H2 +QMi`B#miBQM Q7 bm++2bb7mH TTHB+iBQM Bb i?2 +Q``2+iHv +QMbi`m+i2/ BMi2`7+2X h?2 BMi2`7+2
Bb i?2 QM2 pBH#H2 i?BM;b iQ mb2`X h?2 lA /2p2HQTK2Mi Bb T`Q+22/ i?2 bK2 rv iQ KF2 Bi KQ`2 ii`+iBp2
M/ +QK7Q`i#H2 7Q` QTiBKBxBM; i?2 mb2` BMi2`+iBQMX h?mb r2 Kmbi Tv /m2 ii2MiBQM lA +QMbi`m+iBQM /m`BM;
TTHB+iBQM /2p2HQTK2Mi M/ MHvb2 /2bB;M2/ Tii2`M Q7 TTHB+iBQM pB2r- i2bi mb#BHBiv M/ `27+iQ` M/
2``Q` +Q``2+iBQM #b2/ QM i?2 `2+2Bp2/ /iX h?2 Tii2`M Q7 TTHB+iBQM rb /2bB;M2/ b  `2bmHi iQ MHvb2
/i r?B+? r2`2 `2+2Bp2/ 7`QK mb2`X q2 MHvx2/ i?2 BMTmi /i 7Q` 2+? Q7 i?2 i?2 T`iB+mH` +b2b i?2
i`Mb7Q`KiBQM Q7 i?2 #Qp2X
RX ++Q`/BM; iQ i?2 `mH2URV- i?2 mb2` Kmbi ?p2 i?2 7QHHQrBM; /i r2`2 Q#iBM2/,
965 S.I. Ruban et al. /  Procedia Computer Science  96 ( 2016 )  961 – 967 
6B;m`2 jX a+?2K Q7 i`Mb7Q`KiBQM
Ç AMTmi T`QT2`iv
Ç PmiTmi T`QT2`iv
h?2 Q`/2` Q7 /i 2Mi`v /Q2b MQi z2+i i?2 }MH `2bmHi- #mi r?2M Mv Q7 i?2 T`QT2`iB2b M``Qrb i?2
`M;2 Q7 TQbbB#H2 pHm2b Q7 i?2 b2+QM/ T`QT2`ivX
kX ++Q`/BM; iQ i?2 `mH2 UkV- i?2 mb2`- b BM i?2 }`bi +b2- 2Mi2`b i?2 irQ T`QT2`iB2bc ?Qr2p2` i?2 bvbi2K
biQ`2b T`2pBQmbHv /2}M2/ i`Mb7Q`KiBQM 7mM+iBQM #2ir22M i?2 T`QT2`iB2b Q7 Q7 i?2 +Q``2bTQM/BM; ivT2bX
AM i?Bb +b2 i?2`2 `2 e p`BMib Q7 i?2 b2[m2M+2 b2H2+iBM; i`Mb7Q`KiBQM 2H2K2Mib,
Ç P1  t  P2Xq?2M i?2 }`bi T`QT2`iv Bb +?QQbBM; i?2 `M;2 Q7 TQbbB#H2 7mM+iBQMb Q7 i`Mb7Q`KiBQM
i M``QrbUi?2`2 `2 QMHv i?Qb2 7mM+iBQMb i?i iF2 BMTmi 7`QK i?2 T`QT2`iB2b Q7 i?2 bK2 ivT2 b
i?i Q7 P1V M/ i?2 `M;2 Q7 +M/B/i2b 7Q` i?2 b2+QM/ T`QT2`iv M``Qrb Ui?2`2 `2 QMHv i?Qb2
T`QT2`iB2b r?Qb2 ivT2b `2 BM+Hm/2/ BM i?2 MmK#2` Q7 QmiTmi T`QT2`iB2b `2KBMBM; i`Mb7Q`KiBQM
7mM+iBQMbVX 7i2` b2H2+iBM; i i?2`2 Bb QMHv bm+? T`QT2`iB2b r?Qb2 ivT2 Bb i?2 ivT2 Q7 i?2 QmiTmi
T`QT2`iB2b Q7 iX
Ç P1  P2  tX h?2 +b2 Q7 i?2 b2H2+iBQM Q7 i?2 }`bi T`QT2`iB2b /2b+`B#2/ #Qp2X 7i2` b2H2+iBM; i?2
b2+QM/ T`QT2`iv i?2`2 Bb  mMB[m2 p`BMi Q7 +?QB+2 7mM+iBQM i`Mb7Q`KiBQMbX
Ç P2  t  P1X h?2 +b2 Bb bBKBH` iQ i?2 }`bi- ?Qr2p2`- i?2 i`Mb7Q`KiBQM 7mM+iBQMb rBi? i?2 QmiTmi
ivT2 i?i Ki+?2b i?2 ivT2 Q7 i?2 P2 `2KBM- M/ +M/B/i2b 7Q` i?2 `QH2 Q7 i?2 }`bi T`QT2`iB2b
`2 T`QT2`iB2b rBi?  ivT2 2[mH iQ i?2 BMTmi Q7 i?2 b2H2+i2/ ivT2 i`Mb7Q`KiBQM 7mM+iBQMb iX
Ç P2  P1  tX h?Bb +b2 Bb bBKBH` iQ i?2 b2+QM/ +b2 iQ rBi?BM +?M;2 i?2 BMTmi f QmiTmi T`QT2`ivX
Ç t  P1  P2Xa2H2+iBQM Q7 i`Mb7Q`KiBQM 7mM+iBQM BKK2/Bi2Hv +mib b2H2+iBQM QTiBQMb Q7 BMTmi M/
QmiTmi T`QT2`iB2b ++Q`/BM; iQ i?2 BMTmi M/ QmiTmi ivT2b i- 7i2` b2H2+iBM;  +M/B/i2 HBbi P1
iQ #2 i?2 b2+QM/ T`QT2`iv Bb MQi +?M;2/X
Ç t  P2  P1X h?2 +b2 Bb bBKBH` iQ i?2 T`2pBQmb +b2X
jX h?Bb +b2 +M #2 `2/m+2/ iQ i?2 }`bi irQ- #mi Bi Bb +QKTHB+i2/ #v i?2 +?QB+2 Q7 KmHiBTH2 72im`2b M/
i`Mb7Q`KiBQMb 7mM+iBQMb 7Q` 2+? T`QT2`iv BM i?2 Q#D2+iX
h?2 MK2 Q7 TTHB+iBQM Bb bT2+B}2/ QM i?2 iQT T`i Q7 T;2X h?2 T`QT2`iB2b `2 b2T`i2/ BMiQ irQ
+QHmKMb- /2T2M/BM; QM i?2 `QH2 T2`7Q`K2/, BMTmi T`QT2`iB2b HQ+i2 QM i?2 H27i T`i Q7 i?2 T;2- QmiTmi
T`QT2`iB2b HQ+i2 QM i?2 `B;?i T`i Q7 i?2 T;2X h?2 bK2 TH+2K2Mi Q7 2H2K2Mib Bb +mb2/ #v i?2 2tBbiBM;
KQ/2H Q7 `2/BM; 7`QK H27i iQ `B;?i KQM; i?2 7mim`2 mb2`b Q7 i?2 TTHB+iBQMX 6Q` M mMK#B;mQmb +?QB+2
T`QT2`iB2b b +QMi`QHb r2`2 b2H2+i2/ `/BQ #Qt2b i?i 2t+Hm/2 #BHBiv iQ b2H2+i KmHiBTH2 Bi2Kb BM  bBM;H2
bm#;`QmTX h?2 irQ ;`QmTb r2`2 b2T`i2/,
RX AMTmi T`QT2`iB2b
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kX PmiTmi T`QT2`iB2b
h?2 #miiQM ǳProcessedǴ Bb HQ+i2/ QM i?2 #QiiQK Q7 T;2X h?2 Bib ibF Bb i?2 HmM+?BM; i`Mb7Q`KiBQM
K2+?MBbK 7Q` b2H2+i2/ T`QT2`iB2bX h?2 r`MBM; b i?2 TQT@mT rBM/Qr rBHH #2 T`BMi2/ B7  mb2` T`2bb2/ i?Bb
#miiQM #mi /B/MǶi b2H2+i irQ T`QT2`iB2bX h?2 /2bB;M Tii2`M ?b bBKTH2 M/ BMimBiBp2 mb2` pB2r- #mi i?2
#miiQM ǳ?Ǵ rb //2/X q?2M i?2 mb2` T`2bb QM Bi i?2 ?BMi rBi? mb2` BMbi`m+iBQM Bb TT2`2/X
9X AKTH2K2MiiBQM .2iBHb
h?2 THi7Q`K hvHBT 2tT2+i2/ iQ mMBi2 Q7 i?2 /Bz2`2Mi aa b2`pB+2b M/ 2b+Hi2 /i KB;`iBQM #2ir22M
BM+Hm/2 b2`pB+2bX h?mb Bi Bb T`QTQb2/ i?i ++2bb iQ i?2 AMi2`M2i Bb #2 T`QpB/2/ 7Q` rQ`F rBi? THi7Q`KX "mi
r2 Kmbi +QMbB/2`2/ i?2 7+i i?i i?2 #mBH/BM; i`Mb7Q`KiBQM 7mM+iBQMb +M #2 M22/ iQ mb2` r?B+? /Q2bMǶi
?p2 ++2bb iQ i?2 AMi2`M2iX AM i?Bb +b2 i?2 #BHBiv iQ `mM  biM/HQM2 TTHB+iBQM Kmbi #2 T`QpB/2/X h?2
HB#``B2b r?B+? Bb HQ/2/ BM T`Q;`2bb TTHB+iBQM bi`i Bb i?2 QM2 /2p2HQT2`Ƕb T`Q#H2KX hQ `2bQHp2 i?Bb T`Q#H2K
r2 +QK2 iQ  +QM+HmbBQM iQ mb2 bQHmiBQM q2#C`bX
q2#C`b Bb  b2i Q7 HB#``B2bX 1+? HB#``v Bb  Cpa+`BTi HB#``v Q`  *aa KQ/mH2X q2#C`b T`QpB/2b 
bBKTH2 M/ mM/2`biM/#H2 rv iQ +QMi`QH /2T2M/2M+B2b BM r2# TTHB+iBQM- Bb +QKTiB#H2 rBi? i?2 T`QD2+i
#mBH/ iQQHb BKTH2K2Mi2/ 7Q` oJ@#b2/ HM;m;2 bm+? b a"h- Jp2M M/ 2i+X HH HB#``B2b Bb HQ/2/ 7`QK
+2Mi`H Jp2M `2TQbBiQ`vX
aQ- i?Bb TT`Q+? HHQrb iQ pQB/ MQi?2` T`Q#H2K r?B+? rbMǶi K2MiBQM2/ T`2pBQmbHvX Ai Bb `Qb2 QM +QM@
/BiBQM bT2+B7vBM;  `272`2M+2 iQ M 2ti2`MH ?QbiBM; Q7 HB#``B2b M/ HQM; T2`BQ/ Q7 i?2 bQ7ir`2 KBMi2MM+2X
Ai Bb  HQbb Q7 HB#``v b i?2 `2bmHi Q7 2ti2`MH bBi2 T`Q#H2KbX HH M22/ /2T2M/2M+B2b `2 HQ/2/ AM +b2 Q7
mbBM; q2#C`bX q2#C`b T`QpB/2b M 2bv +QMi`QH p2`bBQM Q7 BM+Hm/2 HB#``B2b b M //BiBQMH +T#BHBivX
HH +m``2Mi p2`bBQMb Bb pBH#H2 BM q2#C`b BMi2`7+2X SHv 6`K2rQ`F rb b2H2+i2/ b i?2 #b2 7`K2rQ`FX
Ai T`QpB/2b 2[mBTK2Mi /2p2HQTBM; M/ [mB+F /2THQvBM; Q7 r2#@TTHB+iBQMb- HHQrb T`Q;`KKBM; QM a+H
HM;m;2- r?B+? rb b2H2+i2/ iQ BKTH2K2Mi mMB}2/ THi7Q`K ivHBT- bmTTQ`ib KMv Dpb+`BTi 7`K2rQ`Fb-
bm+? b M;mH`Ca- *Qz2a+`BTi- _2+iCa 2i+X 6BMHHv Ca 7`K2rQ`F M;mH`Ca rb +?Qb2M- r?B+? BMi2M/BM;
iQ QM2@T;2 r2#@TTHB+iBQM /2p2HQTBM;X
h?2 THi7Q`K ivHBT bi`m+im`2 b?QmH/ #2 T`2b2Mi2/ #27Q`2 i?2 /2b+`BTiBQM Q7 h`Mb7Q`KiBQM 2/BiQ` TTHB@
+iBQM BMi2;`iBQM b+?2KX S`QD2+i +QMbBbi Q7 i?2 7QHHQr KQ/mH2b,
Ç /Ti2`b @ bQm`+2b Q7 +QMM2+iQ`b iQ /Bz2`2Mi +QMM2+iBM; bvbi2Kb U"Bi`Btk9- Jv biQ`2VX
Ç ivHBT@+Q`2 @ i?2 imHBT THi7Q`K +Q`2X *QMbBbi Q7, i2`Kb- i`Mb7Q`KiBQM 7mM+iBQMb 2i+X- r?B+? rb
BKTH2K2Mi2/ iQ +QMp2`b2 /i ivT2bX
Ç ivHBT@r2# @ r2#@TTHB+iBQM KQ/mH2- Bib bi`m+im`2 Bb i?2 bK2 iQ bi`m+im`2 Q7 TTHB+iBQM iQ SHv6`K2@
rQ`FX
Ç T`QD2+i imHBT@THi7Q`K@#mBH/ @ +QMiBM T`QD2+i #mBH/ b2iiBM; }H2b- }H2b rBi? bvbi2K p`B#H2b pHm2b- }H2b
rBi? TTHB+iBQM HmM+? T`K2i2`bX
aQ- i`Mb7Q`KiBQM 2/BiQ` BMi2;`iBQM BM ivHBT `2/m+2b iQ +Q``2bTQM/BM; +Hbb2b BKTH2K2MiiBQM BMiQ ivHBT@r2#
KQ/mH2X h?2 ?iKH }H2b Uindex.scala.html M/ main.scala.htmlV `2 KQp2/ iQ app/views/Properties bm#/B`2+@
iQ`B2bX h?2 +QMi`QHH2`b Ucontrollers. js M/ propertiesFactory. jsV `2 KQp2/ iQ public/ javascripts/properties
/B`2+iQ`B2bX h?2 bivH2b }H2 UT`QT2`ivX+bbV `2 KQp2/ iQ public/stylesheet/propertiesX
h?2 +Hbb Application.scala Bb  *QMi`QHH2` i`Bi M/ `2bTQMb2b iQ i`Mb7Q`KiBQMb #mbBM2bb@HQ;B+ BM i`Mb7Q`@
KiBQMb 2/BiQ`X Ai TH+2b BM app/controller Ti?X h?2 +Hbb- r?B+? Bb T`QT2`iv KQ/2H M/ +QMiBMb 2ti`+iQ`b
M/ r`TT2`b- HQ+i2b BM app/models/properties /B`2+iQ`vX
h?2 bK2 rv i?2 mb2/ TB+im`2b- bivH2b M/ Qi?2` }H2b `2 2K#2//2/ BM TTHB+iBQM #BM/2/ M 2ti2`MH
pB2rX
h?2 `Qmi2b }H2 `2bTQMb2b iQ `QmiBM; M/ MpB;iBQM BM TTHB+iBQMX h?2`2 Kmbi #2 QMHv QM2 BMbiM+2 BM
TTHB+iBQM- i?2`27Q`2 Bi Bb M2+2bb`v iQ KQp2 bi`BM;b `2bTQMb2 iQ M2r `Qmi2/ Ti?b BMiQ +Q``2bTQM/ }H2b
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8X *QM+HmbBQM
h?2 b+?2K2 Q7 ivT2 b72 i`Mb7Q`KiBQMb rb 7QmM/X lb2` 7mM+iBQMHBiv rb BKTH2K2Mi2/- ++Q`/BM;
iQ +QKTH2i2/ BMp2biB;iBQMb QM QTiBKH 2H2K2Mib TH+2K2Mi }2H/X 6m`i?2` r2 `2 THMMBM; iQ +QKTH2i2
i`Mb7Q`KiBQM 2/BiQ` BKTH2K2MiiBQM 7Q` MQM@i`BpBH i`Mb7Q`KiBQM 7mM+iBQMb M/ bmTTHv ++Q`/BM; mb2`
7mM+iBQMH- iQ BKT`Qp2 mb2` iBTb bvbi2K- iQ /2p2HQT mb2` 7mM+iBQMb biQ`;2 b+?2K2 #b2/ QM i?2 +?Qb2M /i
#b2X
eX +FMQrH2/;2K2Mi
h?2 `2b2`+? rb bmTTQ`i2/ #v  _mbbBM 6QmM/iBQM 7Q` "bB+ _2b2`+? ;`Mi US`QD2+i Ƥ Re@jR@8yyRRV
M/ i?2 *QKT2iBiBp2M2bb S`Q;`K Q7 L_Ll ǳJ1S?AǴX
_272`2M+2b
RX SX a?TFBM- :X SQK/+?BMX  hvT2@h?2Q`2iB+ TT`Q+? iQ *HQm/ .i AMi2;`iBQM ff S`Q+22/BM;b Q7 i?2 RRi? AMi2`MiBQMH
*QM72`2M+2 QM q2# AM7Q`KiBQM avbi2Kb M/ h2+?MQHQ;B2b q1"AahX ěALahA** S`2bb- kyR8X ěJvX ěSX Re9ĜReNX
kX SB2`+2 "X *X hvT2b M/ T`Q;`KKBM; HM;m;2bX ěh?2 JAh S`2bb- kyykX
